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Summary of Method for Optical Media Conversion

2300

//

Recewve optical Manchester signals trom an oplic fiber,
edge-coupie fiter the optical Manchester signals, and
convert the edge-couple filtered Manchester signals to

ciectrical doublet signals for transmission on an
ciectrical signal hine.

Receive electrical doublet signals from an electrical
stgnal hine and convert the electrical doublet signais to
optical Manchester signals for transmission on the
optic tiber.

FiG, 23
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Summary of Method for Converting Optical Manchester Signals fo 2400
siectrical Doublct Signals using an Qptical Media Converter (OM i;,i; '

Kecewe optical Manchester signals from an optic fiber via a ROSA
140-] using a receiver cucult having transimpedance ampitfiers onerative (o

generate amplified representations of a Manchester-encoded input
signal wherem the representations are 180° out of phase with the one

anether for phase sphithing and wherem a resisfor connects positive

reference pins of the transimpedance amplifiers fo ground with
sufficient resistance (o substantially eluninate parasitic amplification
and provide substantially complete common mode rejection.

Route the Manchester-encoded nput signal through an edge-coupled
filter having an amp configured to charge a futration capacitor of an
iput stage of the receiver within one bt of a Manchester-encoded mput
stgnal {0 reselve a settimg time of each bit g preamble 15 nof needed,
wherein the edge-couplied filter 1s characterized as filtering signals not
associated with edges within the time-varying mput signal.

2404

P | | : ~ Y . * | X
2408 Route the edge-couple filtered signals through a through a Schimuti-

trigger comparator latch to hold a state of the signals untd a next edge-
triggered signal 1s processed.

Roufe an output signal of the Schmiut-trigger comparator laich through
2408 | an optocoupler to coupie analog signals from an analog portion ot the
OMC to digital signals for use mn a digital portion of the OMC wherein
an mdyctive power filter 1s emploved mcluding an mductive solation
component having couls connected in-ltne with analog circutt power
suppiv hines to allow significant noise filterng.

Route the digital signails through a deskewing element to deskew edge-
couple fiitered versions of the Manchester-encoded mput signals to
obtaimn deskewed signals and then (o route the deskewed signals through
a doublet generator to convert the deskewed signals into electrical
doubiet signals for cutput over an electrical signal bus.

24106

FiG., 24
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Summary of Method for Converiing Electrical Doublet Signals 1o Optical
Manchester Signals using an Optical Media Converter (OMOC)

2504

v

20U

Recewve electrical doublet signals from an electnical SIM data bus using

an electrical stub interface.

1504 Route the clectrical doublet signals through a doublet-to-Manchester

) cenerator to convert the digital bipolar electrical doublet signals to
digital unipolar Manchester-encoded signals.
506 Route the digital Manchester-encoded signals through an optocoupler to
e I | : e ‘
generate analog versions of the Manchester-encoded signals and
wheremn mmductive power filtering 18 again employed.
2508 Route the analog versions of the unipolar Manchester-encoded signals
o a high output red LED for generating optical versions of the unipolar
Manchester-encoded signals.
he 1 Transmut the optical versions of the unipolar Manchester-encoded

signals using a TOSA.

FiG, 25



US 9,438,347 B2

1

OPTICAL MEDIA CONVERTER WITH
EDGE-COUPLED FILTERING

CLAIM OF PRIORITY UNDER 35 U.S5.C. §119

The present application for patent claims priority to
Provisional Application No. 61/800,682 entitled “OPTICAL
MEDIA CONVERTER” filed Mar. 15, 2013, which 1s

assigned to the assignee hereof and hereby expressly incor-
porated by reference herein.

BACKGROUND

1. Field

Various features relate to optical media converters and, 1n
particular, to an optical media converter for use in commer-
cial aircraft.

2. Background

Many aircrait employ aircraft data networks for routing
and sharing data and control signals among various com-
ponents of the aircrait. One example 1s the ARINC 629
system developed by The Boeing Company for use in, for
example, the Boeing 777 family of long-range wide-body
twin-engine jet airliners. (Note that the acronym ARINC
refers to Aeronautical Radio, Incorporated.) Bretly, the
ARINC 629 data bus 1s a time division multiplexed (TDM)
system that includes multiple transmitters with broadcast-
type, autonomous terminal access. Terminal access 1s
autonomous with each terminal listening to the bus to wait
for a quiet period to transmit. Only one terminal 1s transmuits
at a time. After a given terminal has transmitted, protocol
timers ensure that the terminal does not transmit again until
all other terminals have had a chance to transmit.

More specifically, ARINC 629 data bus transmits current
mode wavelorms along a data bus cable. Individual avionics
subsystems are installed in line replaceable units (LRUs)
that transmit signals onto the ARINC 629 data bus using a
serial interface module (SIM) connected to the data bus via
a twisted-pair stub cable and a current mode coupler (CMC.)
The SIM operates 1n conjunction with a terminal controller
of the LRU and generates electrical doublet signals that are
routed to the CMC wvia the stub cable for conversion to
current mode waveforms for transmission of the data bus
cable of the ARINC 629 bus system. The stub cable 1s a
balanced connection with, for example, a 100£2 character-
1stic impedance. The current-mode electrical signal 1s routed
to each of a set other LRUs connected to the bus wvia
respective CMCs and stub cables. However, the electrical
cable plant necessary to support the current-mode transmis-
sion format contributes significant weight to the airframe.

Therelore, 1t would be desirable to provide an alternative
to the atorementioned CMC that could receive the same
doublet signals and power but would substantially reduce
overall bus system weight. It would also be desirable that
such a device would minimize overall avionics systems
impacts while allowing for the use of existing terminal
controllers and SIMs (1.e. that the alternative device would
permit a retrofit with existing LRUs so that the LRUs need
not be modified and re-certified. )

SUMMARY

In one aspect, an optical media converter includes: an
clectrical port adapted to couple to an electrical signal line;
a fiber optic port adapted to couple to an optic fiber; and an
clectro-optical converter configured to convert between
clectrical doublet signals for transmission on the electrical
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signal line and optical Manchester signals for transmission
on the optic fiber, the electro-optical converter including at
least one edge-coupled filter. The term electro-optical con-
verter as used herein broadly refers to a device capable of
converting electrical signals to optical signals, optical sig-
nals to electrical signals, or both. Hence, the term 1s not
meant to imply that the device only converts from electrical
to optical. For example, the electro-optical converter may
convert electrical doublet signals to optical Manchester
signals and also convert optical Manchester signals to elec-
trical doublet signals. Note also that an edge-coupled filter
1s characterized as filtering signals not associated with edges
within a time-varying iput signal.

In an illustrative example, the electro-optical converter
includes: a doublet-to-Manchester converter configured to
convert electrical doublet signals to optical Manchester
signals and a Manchester-to-doublet converter configured to
convert to optical Manchester signals to electrical doublet
signals. A receiver circuit 1s coupled to the fiber optic port
for recerving a Manchester-encoded input signal using the
edge-coupled filter. The edge-coupled filter 1s configured to
charge a filtration capacitor of an input stage of the receiver
circuit within one bit of a Manchester-encoded nput signal.
The recerver circuit also includes transimpedance amplifiers
operative to generate amplified representations of a Man-
chester-encoded mput signal wherein the representations are
180° out of phase with the one another for phase splitting.
A resistor connects positive reference pins of the transim-
pedance amplifiers to ground with suflicient resistance to
provide common mode rejection. The recerver circuit also
includes a Schmitt trigger comparator latch to hold a state of
a Manchester-encoded mput signal to provide analog to
digital burst mode conversion.

In the illustrative example, a power supply 1s provided
that has an mductive power {ilter to 1solate a power loop of
an analog portion of the optical media converter from a
digital portion of the optical media converter. An optocou-
pler 1s provided to couple analog signals from the analog
portion to digital signals for use in the digital portion. The
inductive power filter includes one or more inductive 1so-
lation components such as coils connected in-line with
analog circuit power supply lines. A deskewing element 1s
provided within the digital portion of the device to deskew
edge-couple filtered versions of Manchester-encoded 1nput
signals to obtain deskewed signals. The deskewing element
may be configured to detect a synchronization pattern within
a word message 1 a Manchester-encoded mput signal
bit-stream and then align a time-base of a field-program-
mable gate array (FPGA) of the Manchester-to-doublet
converter to the synchromzation pattern of the word mes-
sage. A doublet generator then converts the deskewed sig-
nals 1nto electrical doublet signals.

In another aspect, an optical media conversion method for
use with an optical media converter includes: receiving
optical Manchester signals from an optic fiber; edge-couple
filtering the optical Manchester signals; and converting the
edge-couple filtered Manchester signals to electrical doublet
signals for transmission on an electrical signal bus. The
method also includes: receiving electrical doublet signals
from an electrical signal bus signal bus and converting the
clectrical doublet signals to optical Manchester signals for
transmission on an optic fiber.

In yet another aspect, an optical media converter includes:
means for receiving optical Manchester signals from an
optic fiber; means for edge-couple filtering the optical
Manchester signals; means for converting the edge-couple
filtered Manchester signals to electrical doublet signals for
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transmission on an electrical signal line; means for receiving,
clectrical doublet signals from an electrical signal line and
means for converting the electrical doublet signals to optical
Manchester signals for transmission on the optic fiber.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an exemplary OMC {for use
in an aircrait data network.
FIG. 2 illustrates Manchester encoded pluses and corre-

sponding electrical doublets converted by the OMC of FIG.
1

FIG. 3 1s a schematic diagram of a first stage iverting
transimpedance amplifier with filter capacitor for use 1n the
OMC of FIG. 1.

FIG. 4 illustrates an exemplary unipolar output of the
transimpedance amplifier of FIG. 3.

FI1G. 5 1s a schematic diagram of an edge-coupled filter for
use in the OMC of FIG. 1.

FIG. 6 illustrates an output of the edge-coupled filter of

FIG. 5.
FI1G. 7 1s a schematic diagram of a transmit signal path of

an electrical interface component of the OMC of FIG. 1.
FIG. 8 1s a schematic diagram of a receive signal path of
the electrical interface component of the OMC of FIG. 1.
FIG. 9 1s a schematic diagram of a DC power path of the
OMC of FIG. 1.
FIG. 10 1s a schematic diagram of a soft start ramp circuit

ol a power supply of the OMC of FIG. 1.
FI1G. 11 illustrates an exemplary in-rush power dissipation

spike of the soft start ramp circuit of FIG. 9.

FI1G. 12 1s a schematic diagram of switching regulators of
the power supply of the OMC of FIG. 1.

FIG. 13 1s a schematic diagram illustrating a field-pro-
grammable gate array (FPGA) of a digital signal processing
component of the OMC of FIG. 1.

FIG. 14 1s a schematic diagram illustrating a doublet-to-
Manchester generator of the FPGA of FIG. 13.

FIG. 15 1s a schematic diagram illustrating a transmit
circuit of an analog processing component of the OMC of
FIG. 1.

FIG. 16 1s a schematic diagram illustrating a receiver
circuit of the analog processing component of the OMC of
FIG. 1.

FIG. 17 1s a schematic diagram illustrating an OMC
1solation circuit of the transmit circuit of an analog process-
ing component of the OMC of FIG. 1.

FIG. 18 15 a perspective exploded view of a TOSA of the
OMC of FIG. 1.

FIG. 19 1s a perspective exploded view of a ROSA of the
OMC of FIG. 1.

FIG. 20 1s a block diagram 1illustrating an aircrait data
network composed of various LRUs interconnected to an
optical data bus via OMCs such as the one of FIG. 1.

FIG. 21 illustrates and summarizes an exemplary OMC.

FIG. 22 illustrates the exemplary OMC of FIG. 21 in
greater detail.

FIG. 23 summarizes a method for optical media conver-
S1011.

FIG. 24 summarizes a method for converting optical
Manchester signals to electrical doublet signals using an
OMC.

FIG. 25 summarizes a method for converting electrical
doublet signals to optical Manchester signals using an OMC.

DETAILED DESCRIPTION

In the following description, specific details are given to
provide a thorough understanding of the various aspects of
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4

the disclosure. However, 1t will be understood by one of
ordinary skill in the art that the aspects may be practiced
without these specific details. For example, circuits may be
shown 1n block diagrams in order to avoid obscuring the
aspects 1n unnecessary detail. In other instances, well-known
circuits, structures and techniques may not be shown 1n
detail 1n order not to obscure the aspects of the disclosure.

The word “exemplary” 1s used herein to mean “serving as
an example, 1mstance, or illustration.” Any implementation
or aspect described herein as “exemplary” 1s not necessarily
to be construed as preferred or advantageous over other
aspects of the disclosure. Likewise, the term “aspects” does
not require that all aspects of the disclosure include the
discussed feature, advantage or mode of operation.
Overview

FIG. 1 provides a block diagram of an exemplary OMC
100 equipped to convert between electrical doublet signals
and Manchester encoded optical signals. Manchester coding
1s also referred to as phase encoding and 1s a type of line
code 1n which the encoding i1s based on signal transitions
rather than whether a signal 1s high or low. Manchester
coding has no DC component and 1s self-clocking. That 1is,
Manchester encoding may be inductively or capacitively
coupled and a clock signal may be recovered from encoded
data. As such, electrical connections using a Manchester
code may be galvanically 1solated using a network isolator,
1.e. a simple one-to-one 1solation transformer. Generally
speaking, Manchester encoding provides for frequent line
voltage transitions that are directly proportional to a clock
rate. The DC component of the encoded signal 1s not
dependent on the data and carries no information, allowing
a Manchester-encoded signal to be conveyed conveniently
by types of media that usually do not convey a DC com-
ponent. Each bit of data i1s transmitted 1n a fixed time or
period with low-to-high and high-to-low transitions repre-
senting bits. For example, a high-to-low transition may
represent a 0 wherein a low-to-high transition represents a 1.

Aspects of the systems, methods and apparatus described
herein employ edge-coupled filtering, which i1s a type of AC
coupled filter that differs from DC coupled filtering or
conventional AC coupled filtering. Briefly, coupling refers to
the transfer of energy from one medium to another, such as
from an 1nput optic fiber mto the analog circuitry of a device.
DC coupling allows both AC and DC signals to pass through
the connection. AC coupling allows substantially only AC
signals to pass through the connection. Filtering generally
refers to the elimination of unwanted components of a
signal. Edge-coupling or edge-coupled filtering, as the term
1s used herein, refers to a type of AC coupled filtering that
retains the frequency information corresponding to edges
within a the and removes much of the rest, 1.e. edge-coupled
filtering operates to filter out signals not associated with
edges or transitions i an mput signal. Hence, an edge
coupled filter 1s characterized as filtering signals not asso-
ciated with edges or transitions within a time-varying input
signal.

The principal components of the OMC 100 include an
clectrical interface circuit card assembly (CCA) 102, a
digital CCA 104 (which may be designed and fabricated as
an FPGA), an analog CCA 106 and a fiber-optic connector
108. The electrical interface CCA 102 1s coupled to a SIM
data bus 110 (which 1s 1 turn connected to an LRU not
shown 1n FIG. 1) for receiving and transmitting electrical
doublet signals along a first electrical bus line 112 and a
second electrical bus line 114. That 1s, electrical interface
CCA 102 contains the termination for the electrical connec-
tor that mates to the stub cable of a SIM bus within an LRU.
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(Additionally, the electrical interface CCA 102 board may
include power supply circuitry used for soft-starting the
power supply 134, discussed below.) Note that the electrical
interface CCA 102 also may be referred to as a stub interface
and may include various transformers and a rectifier, not
shown 1n FIG. 1.

The digital CCA 104 includes a doublet-to-Manchester
converter 116 for converting electrical doublet signals to
Manchester optical signals and a Manchester-to-doublet
converter 118 for converting Manchester optical signals to
clectrical doublet signals via FPGA components that main-
tain recerver bit symmetry. The Manchester-to-doublet con-
verter 118 includes deskewing components provided, at least
in part, because edge-coupled filters are employed within the
OMC rather than DC-coupled or AC-coupled filters. The
digital CCA 104 may have several small low drop-out
regulators (LDQO) that supply voltages necessary for oper-
ating the FPGA. The FPGA device 1s employed, as will be
described below, to create Manchester-encoded signals from
doublets and for deriving doublets from the received data
stream from the fiber-optics.

The analog CCA 106 includes a high-output red LED
transmitter 120 for transmitting Manchester optical signals
and a low-noise preamplifier S1 positive-intrinsic-negative
(PIN) photodiode 122 for receiving Manchester optical
signals. The analog CCA 106 board i1s, 1n at least some
examples, a full fiber-optic transceiver capable of transmit-
ting and receiving 2 Mbit/s data. The LED transmitter and
the PIN photodiode receiver parts are mounted to the board
and the board itself has mount points for attaching the
various optical sub-assemblies.

Manchester signals are transmitted onto a fiber optic data
bus 128 via at least one fiber output line 130 using a transmit
optical sub-assembly (TOSA) 124 of the fiber optic connec-
tor 108. Manchester signals are received from the fiber optic
data bus 128 via an mput line 132 using a receive optical
sub-assembly (ROSA) 126 of the fiber optic connector 108.
That 1s, the physical interface to the fiber-optic medium
includes the TOSA and the ROSA, which contain the
light-emitting diode (LED) and the PIN photodiode used to
transmit and receive light, respectively. The fiber optic data
bus 128 may be, for example, an ARINC 629-compatible
fiber optic data bus having a star coupler (not separately
shown) for merging and mixing a set of optic signals
provided along a set of fiber optic lines. Power for the OMC
1s provided by a power supply CCA 134, which 15 a
switching power supply. Note that a set of switching regu-
lators residing on the power supply CCA 134 generates the
primary power supplies. In one example, the voltage rails
generated are S VDC and -5 VDC. With the exception of
one low-current reference voltage, all other voltages 1n the
OMC are derived from these two supplies.

Predecessor ARINC 629 current-mode data buses were
constructed as passive broadcast busses and so the OMC 100
1s designed to operate i this manner as well for compat-
ibility with existing LRU hardware. The predecessor cur-
rent-mode data bus connected each device serially as stubs
ofl a main cable. Optically, 1t 1s therefore advantageous to
have each transmitter enter a coupling device that routes the
data tratlic to each receiver. This can be accomplished using
an active star, 1.¢. an optical router (not shown), that termi-
nates all OMC transmitters and regenerates traflic that 1s
then sent to the receive ports. Such a design may require a
relatively large apparatus, which can impact system com-
plexity and power consumption. As an alternative, a passive
star (shown 1n FIG. 20, discussed below) may be employed
that splits a transmitter’s light to each receiver port. The
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passive star 1s a relatively simple apparatus but requires
more optical power to split the signals among the receiver
ports. In at least some practical aircraft implementations, the
data bus architecture requires that forty ports be supported.
This constraint, along with other de-rated system optical
losses, leads to a design goal of a total optical power budget
of 40 dB for the OMC. That 1s, the difference between the
light 1njected 1nto the fiber-optic cable down to the minimum
light level detectable at a recerver must be at least 40 dB, 1n
some applications.

An exemplary system for use with ARINC 629 consists of
terminal controllers (within LRUSs) that communicate with
cach other serially, using 2 Mbit/s Manchester, through the
SIM of the LRU. The data bus 1s a multi-point avionics
architecture that allows all terminals on the bus to exchange
information at regular intervals (5 ms or 25 ms.) In addition
to the doublet signaling, the SIM controls the availability of
a 30 VDC common-mode power supply that shares pins with
the signal wiring. The 30 VDC supply 1s utilized to power

the OMC. That 1s, the OMC takes the same power and
doublets from a conventional SIM and then sends a Man-
chester-encoded signal down a 1 mm plastic optical fiber
cable using 650 nm light. The weight savings can be
considerable over predecessor systems while nevertheless
providing a convenient retrofit to existing LR Us.

Note that a 40 dB optical power budget on a 2 Mbait/s data
link 1s considerable. To achieve this goal, etther high output
power or high input sensitivity (or both) may potentially be
exploited. The first approach (high output power) involves
generating a large amount of light from the OMC transmiut-
ter. There are typically two choices for transmitter elements,
LEDs and laser diodes. The LED approach, however, is
limited by technology in the LEDs, which will not typically
generate much more than O dBm of optical power owing to
their logarithmic output intensity versus input current behav-
ior. Conversely, laser diodes often have significant advan-
tages 1n output optical power, as such devices have an
exponential relationship between output optical power and
input current. This relationship, however, 1s not typically
suiliciently stable over wide temperature ranges. The second
approach (high input sensitivity) imnvolves making a highly
sensitive receiver circuit capable of picking up small
amounts of light. With a sufliciently sensitive receiver, an
LED can be utilized, which can provide gains in reliability,
cost, eye-safety, and temperature performance over laser
diodes. This latter approach 1s the one exploited by the OMC
of FIG. 1 (and by the other devices and components

described herein.)
At least some of the teatures of the OMC 100 described

herein are:

Converts Electrical Doublets to Optical Manchester

Converts Optical Manchester to Electrical Doublets

Receiver utilizes sensitive edge-coupled amplifier circuit

Transmitter utilizes high-power LED

FPGA contains logic to maintain receiver bit-symmetry

FPGA contains LED fault 1solation logic

High recerver circuit common-mode noise rejection.

FIG. 2 illustrates an exemplary trace 200 of a Manchester
signal and a trace 202 of a corresponding electrical doublet
signal. Note that the Manchester signal 200 1s a unipolar
signal with no negative component. Generally speaking, the
Manchester signal 1s either on or off and 1t i1s the transition
between these states (the edges) that corresponds to data
bits. In contrast, the electrical doublet signal 202 1s a bipolar
signal, which swings between positive and negative values,
as shown. That 1s, the doublet signal 202 1s a narrow-band
signal, which consists of a single sine-wave period repre-
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senting a corresponding Manchester bit edge transition.
Note also that doublets are relatively high frequency wave-
forms compared to Manchester signals and so, 1f a device
transduces doublets without intermediate Manchester sig-
nals, noise may be problematic. Manchester allows for
retention of the same information but at a lower bandwidth.
Often, the primary design concern 1s sensitivity and the use
of Manchester signals generally allows an improvement 1n
sensitivity. Still further, within legacy avionics systems,
encoders were employed that used Manchester signals but
these signals were then converted to doublets to, for
example, provide a more asynchronous system and avoid
clectromagnetic interference (EMI.) Still further, when one
translates from the balanced bipolar doublet scheme to a
Manchester optical scheme, the resulting optical signals are
unipolar (1.e. only one polarity), and so the systems
described herein provide solutions that allow for a single-
polarity Manchester signal. As will be further explained,
rarely-used circuit techniques are employed to address this
issue while avoiding the need for a pre-amble, as may be

required 1n AC-coupled systems. For example, edge-coupled
filters are employed to filter out everything from input
Manchester wavetorms except the edges of interest. In this
regard, the edge-coupled filters are configured resolve a
settling time for a bit within a first bit of a series of input bits
so that there 1s no need for a preamble. This 1s different from
typical edge-coupled filters and 1s provided, at least 1n part,
because one of the intended uses of the OMC 100 1s in
INC 629 systems and protocols that do

connection with AR
not permit preambles. The OMC 100 also provides neces-
sary corrections to retime signals so the output signal can be
pristine.
Transimpedance Amplifiers

FIG. 2 illustrates a first stage inverting transimpedance
amplifier (TTIA) 300 with filter capacitor 302 for use within
the fiber optic recerver of FIG. 1 (i.e. for use within the
low-noise preamplifier 122 of analog CCA 106.) Belore
discussed the TIA 300, some background regarding TIA
design will be summarized. A TIA 1s advantageous for use
within fiber optic receivers because photodiodes create a
photocurrent that i1s proportional to mput light. A TIA
converts the input current into a proportional voltage signal.
A low noise TIA 1s optimized to minimize noise and
maximize the signal. TIAs have gain that 1s expressed in
ohms. The transimpedance operation 1s accomplished by
forcing an amplifier to create the voltage directly (1.e. an
inverting TIA) or by having the input current converted into
a voltage through a resistor and then amplified (.e. a
non-inverting TIA.) In the mnverting TIA, current 1s fed 1nto
the virtual ground of an amplifier. The amplifier will cancel
out this current by generating an output voltage. Due to
Ohm’s Law this creates an output voltage that 1s the mput
current multiplied by a teedback resistance (R .) Conversely,
non-inverting TIAs, valid for very low-speed designs, feed
the current source into a ground resistor (R ) and then have
the resulting voltage amplified by a Voltage -gain amplifier
circuit. Either TIA style can be utilized in low-speed multi-
mode optical networks, but inverting TIAs are considered
the most commonly used approach and hence will be
covered 1 more depth herein. The non-Inverting TIA
approach 1s significantly bandwidth limited due to the RC
time constant formed at the input between the ground
resistor and an amplifier input capacitance (Cd.) This 1s
prohibitively limiting for most applications in terms of
bandwidth and bandwidth accuracy and hence 1s not pre-

ferred tor use with the OMC of FIG. 1.
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Insofar as amplifier gain and bandwidth are concerned,
amplification circuits preferably balance signal gain with
bandwidth. Increasing one of these two quantities typically
forces a reduction in the other. Voltage-gain amplifiers
quantily this tradeofl with a metric: the Gain-Bandwidth
Product (GBP). TIA bandwidth can be obtained by convert-
ing the GBP. Below 1s the approximate equation governing
the conversion of amplifier GBP 1nto transimpedance band-

width:

Srap 1ra~VGBP2aRCy (1)

where R ~gain-setting resistor; C ~amplifier input network
capacitance lumped together (photodiode and amplifier);
and GBP=Gain-Bandwidth Product of a particular amplifier.

Very large signal gains are possible in a transimpedance

approach. If the amplifier has a GBP of 1600 MHz, a
transimpedance target bandwidth of 5 MHz, and a Cd of 9
picoFarads (pF), then gains as high as 1E6£2 are possible. An
important consideration for photodiode circuits 1s that the
current 1s unipolar (i.e. 1t will not swing about a reference
but rather deviate 1n one direction and then return to the rest
state.) This 1s different from radio circuits where the signal
1s bipolar. A major consequence of this 1s that AC-coupling
for bandwidth limitation will create a circuit settling time
unless the circuit design 1s handled carefully.

Insofar as amplifier noise 1s concerned, TIA electronic
noise has two components, current noise and voltage noise.
The noise occurs naturally in semiconductors at the mnput-
stage of an amplifier. Subsequent gain stages typically
contribute very little noise to the amplifier output as gain
stage noise does not have as much signal gain as the sensor
input stage. There are three technologies currently being
utilized in common amplifiers. The general tradeoils are
summarized 1n the table below for bipolar designs, junction

gate field-etlect transistor (JFET) designs and complemen-
tary metal-oxide-semiconductor (CMOS) designs.
TABLE 1
Bipolar JEET CMOS
Voltage-Noise Low Medium Medium
Current-Noise Very high Low Medium
Gain-bandwidth (GBW) High Medium Low
GBW/Watt Low Medium High
Slew Rate High High Low
Input Leakage High Very Low Low

The first two rows 1n Table 1 contain the most relevant
information, which are the amplifier noise metrics. The other
features also matter, especially slew rate and input leakage,
but the noise features show why JFET 1s the preferred
technology for sensor applications. Photodiode sensors gen-
erate their own current noise, but this noise can often be
discounted as a minor contribution. Below 1s the approxi-
mate equation for transimpedance noise behavior:

\/ AKT (E,\ (E.2rC4F)? (2)
log= [ 174+ — +(—] +
R, \R; 3
where:
[, ,=Equivalent input noise current 1t the output noise is
band limited to F<l/(2nR Cr).

[ =Input current noise for the amplifier input.
E =Input voltage noise for the amplifier.
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C ~Diode capacitance and amplifier input capacitance

lumped together.

F=Amplifier circuit 3 dB bandwidth 1n Hz times ~1.2.

R ~Gain-setting resistance

C/~Bandwidth limiting capacitance

K=Boltzmann’s Constant (1.3806488(13)x10~23 J/K)

T=Temperature 1n Kelvin

Note that for large R, the noise terms in Equation 2
become the current noise of the amplifier and the final term
1s proportionate to the input capacitance and the voltage
noise of the amplifier. Note also that the impedance of a
capacitor 1s inversely proportionate to the capacitance value.
The noise current induced by voltage noise through the input
capacitance 1s thus proportionate to the capacitance itself.

With the foregoing 1n mind, note that the TIA 300 of FIG.
3 includes a filter capacitor 302 in parallel with a gain setting
resistor 304, which are interconnected as shown with an
operational amplifier 306 with a current source 308. As with
the mverting TIA design discussed above, the input current
1s fed into the virtual ground of the amplifier. One reason for
this 1s to set the bandwidth precisely, imstead of allowing the
bandwidth to drift with temperature varnations within the
amplifier. The overall result 1s a low-pass filter that creates
a slow rise-time pulse upon recerving digital light pulses.

FI1G. 4 illustrates a slow rise-time pulse or waveform 400.
The pulse 400 includes a generally saw-toothed shape
having a rising portion 402 and a trailing portion 404. One
significant feature of the pulse above 1s that 1t 1s unipolar.
Also, the signal rise-time 1s slow with respect to the bit-time.
One potential 1ssue 1s that any reduction 1n bandwidth at the
lower end of the spectrum would result 1n a settling-time,
which often cannot be tolerated as it would mandate a
preamble 1n the bit stream. The signal usually has been
filtered at the high-end of the spectrum but can also be
filtered at the low-end because the edges alone contain the
information required to recover the bit. That 1s, a bit 1s
defined as two transitions 1n time. Post-processing of a
unipolar Manchester signal can be achieved by utilizing
edge-coupling, which 1s a modified type of AC filtering that
retains the frequency information corresponding to the edges
of the signal and removes much of the rest. This method also
reduces electronic noise by removing spectrum that 1s not
necessary for signal processing to occur.

FIG. § illustrates such an edge-coupled filter 500, which
includes resistors 502 (R1) and 504 (R2) and a capacitor 506
(C1) connected, as shown, with an amplifier 508 and a signal
source 310. FIG. 6 illustrates an exemplary output signal
600 generated by the edge-coupled filter, which 1s a bipolar
signal having a first negative phase 602 and a second
positive phase 604. Note that the second positive phase 604
includes a gradually tapering tail 606. The edge-coupled
result 1s now bipolar and contains all the information nec-
essary to resolve the Manchester-encoded signal back into
bits. The lower frequency bandwidth 1s removed to improve
noise performance and a secondary amplifier filter stage has
the potential for signal gain as well. One additional benefit
ol edge-coupling 1s that there 1s eflectively no settling-time
because the time-constant associated with the filter 1s
smaller than the bit-time. The final stage of the amplification
network 1s a comparator, built with hysteresis, such that the
peaking of the filtered signal reliably triggers the comparator
but noise rarely can imadvertently trigger the comparator.
The function of the comparator thus becomes that of a
Schmidt trigger. The network thereby creates the (near)
optimal bandwidth reduction that can be achieved for this
variety of bit-signaling, as well as allowing for burst mode
data reception due to the minimal settling time. Further with
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regard to the edge-coupled filters used 1n the OMC, edge-
coupled devices used for other applications typically do not
filter tightly since they cannot let the corresponding com-
parator give up the bit level. Hence, a comparator circuit 1s
used herein with the edge-coupled filter of the OMC 100 that
1s non-traditional. The comparator circuit uses the Schmitt
trigger latch to hold the state until the negative part of the
wave comes through. This reduces noise at or near the
maximum amount possible. Note also that Schmutt triggers
are traditionally used to reject noise within an envelope,
particularly if the signal 1s noisy or has a slow transition
time. However, with the Schmitt trigger of the OMC 100
described herein, the Schmitt trigger 1s instead used to hold
the state.

Turning now briefly to bit error rates and sensitivity,
signal sensitivity can be defined as the point at which a
signal can be discerned from the background noise. For a
digital bus this means that the bit-error rate (BER) 15 50%.
This 1s a satisfactory answer mathematically but practical
buses require a lower BER to be usetul. For a target 10E-9
BER, a signal should have six times the power of the noise
power. Measuring the noise power i circuit and then
derating 1t for the proper BER vyields an input referred signal
current representing the sensitivity. However, PIN photo-
diodes do not have a one-to-one conversion of optical power
to photocurrent. Typically, PIN photodiodes convert at a
ratio of 0.4 Amps/Watt to 0.6 Amps/Watt. As such, the
sensitivity 1s approximately 3 dB less than the implied level
measured electronically.

Electrical Signal Interface (1.e. the Stub Interface)

FIG. 7 illustrates stub transmit signal path components
700 of the electrical interface CCA 102 of FIG. 1. Note that
these components are referred to as transmit path compo-
nents because they are involved 1n relaying doublet signals
received from SIM data bus 110 to the digital CCA FPGA
104 for eventual transmission over the fiber optic bus 128
(shown 1n FIG. 1.) The two lines of bus 110 are coupled via
a resistor 701. Input doublets are coupled from a 1:2 mput
transformer 702 and a network of diodes 704, 706, 708 and
710 separates the positive and negative doublet lobes from
cach other. The doublet lobes are then converted to digital
pulses using a level-shifting bufler composed of amps 712
and 714 and fed into the digital CCA FPGA 104, as shown.
Resistors 716 and 718 connect to grounds, as shown. Note
also that doublet inversion 1s a possible action taken by a
SIM on an LRU 11 1t detects problems with a doublet count.
The dual-input approach of FIG. 7 allows for a minimum
delay detection of the doublet 1n either polarity while
enabling each input to interpret either doublet polarity if one
input were not functional.

FIG. 8 illustrates stub receive signal path components 800
of the electrical interface CCA 102 of FIG. 1. These com-
ponents are referred to as receive path components because
they are involved 1n relaying the doublet signals (which have
been converted from Manchester signals received from the
fiber optic bus 128) to the SIM bus 110 for reception by
components of an LRU. Two high current drivers (amps)
802 and 803 accept doublet pulses (doublet A and doublet B,
respectively) from the digital CCA FPGA 104 and feed the
pulses mto a 1:3 receive transformer 804 via resistors 806
and 808. Feedback resistors 810 and 812 are also connected
as shown. The transformer and the amps are also connected
to ground, as shown.

Power Supply and Power Paths

FIGS. 9 and 10 1illustrate various aspects of the power

supply 134 and power paths of the OMC 100. Brietfly, the

power path 1s designed to meet certain goals or requirements
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for use with the SIM of an ARINC 629-compatible system.
The SIM supplied input power 1s common-mode 30
VDCx=5%. The current draw does not exceed 620 mA for
greater than 32 us after start up. The current draw does not
exceed 620 mA for greater than 64 us at start up. The current
draw, however, does exceed 400 mA at start up. The system
1s powered and operational within 5 ms. The OMC 100 does
not draw more than 310 mADC.

Considering, now, the power paths 900 shown 1n FIG. 9.
Line 901 1sa STUB_TRANSMIT_A SIGNAL+ lineat 15 V.
Line 903 1sa STUB_TRANSMIT_B SIGNAL-lmneat 15 V.
Line 905 1s a STUB_RECFEIVE_A SIGNAL+ line at =15 V.
Line 907 1s a STUB RECFEIVE B SIGNAL+ lineat =15 V.
The common-mode 30 VDC (which 1s fed from the SIM
through the stub cable) enters the OMC 100 through a set of
signal transformer center-taps, 902 and 904. This 1s done
through both wires 1 transmit and receive pairs, which
creates opposing magnetic flux in the core of each trans-
former core 906 and 908. The net eflect 1s that the DC
current does not contribute to magnetic saturation of the
cores while decoupling the DC signal component from the
AC signal component. Transformer 906 i1s also coupled
through an amp 910 to transmit path 912. 'Two receive paths
914 and 916 are coupled through respective amps 918 and
920 to transformer 908, as shown. Note also that the center
taps of the transformers 906 and 908 are coupled together
via an OMC load resister 922, as shown.

FIG. 10 1llustrates a soit start ramp circuit 1000 of the
power supply 134. The circuit 1000 includes a linear voltage
regulator 1002 (in this example, an LM317A) intercon-
nected, as shown, with a resistor 1004 (R7), capacitors 1006
and 1008 (C12 and C3), and a Schottky diode 1010 (D5).
Exemplary values are 1 uF for capacitor 1006, 10 uF for
capacitor 1008, and 2.7 ohms {for resistor 1004. The
Schottky diode may be an msslp4 device. In predecessor
CMC devices, the CMC device ran op-amps directly ofl the
30 VDC mput supply. Current draw for CMC logic functions
was supplied with a small low dropout (LDO) regulator.
This approach would not likely work for the OMC 100 due,
at least 1n part, to the appreciably larger current necessary at
voltages at 5 VDC and below. This motlvated the use of
switching regulators for their greater 1C1ency in the OMC.
Note that switching regulators typically require the use of
s1izable mput and output capacitors. If those capacitors were
left to ramp naturally at start up, they could draw peak
amperage as high as 40 amps that would then trip the power
sourcing device (the SIM) and cause 1t to cut the supplied 30
VDC because high current draws are interpreted by the SIM
to be a short circuit.

Moreover, 1n the predecessor CMC devices, the in-rush
current was limited to that for a 2.5 uF capacitor at 30 VDC.
This small s1zed capacitor would charge in time to meet the
timing requirements of the SIM. The OMC 100 switching,
regulators, however, should not present such a small load to
the SIM and thus the OMC 100 instead provides soft-start
teatures for both the 1nput capacitor stage and the outputs of
the SV DC and the -5 VDC switching supplies. Addition-
ally, the SIM can require current draws over 400 mA at start
up. In the predecessor CMC devices, a 2.5 uF iput capacitor
was passive and would naturally allow this to occur. The
OMC 100 should therefore intentionally allow a precise
current 1nto 1ts input-stage to satisty both of the SIM’s
out-rush criteria.

Note that FI1G. 10 shows the input soft-start circuitry 1000
without the input rectifier shown. A rectifier 1s used because
the SIM has two potential modes of operation where 1t can
apply 30 VDC or —-30 VDC with respect to the power inputs
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depicted 1n the figure. Capacitor 1008 (C3) 1s the target
capacitor in the soft-start circuit. If the capacitor were
allowed to see a 30 VDC signal applied within microseconds
it would sink upwards of 40 amps peak. The SIM requires
that the 1n-rush event be below 620 mA within 64 us of start
up, which will not happen with such a capacitor alone. The
remaining circuitry operates to linearly ramp the voltage on
C3 such that the current into it 1s nearly constant and below
the 620 mA limit. Additionally, this circuit fixes the input
current to 463 mA (x12 mA) to satisiy the SIM’s minimum
out-rush requirement. When the mput voltage at VIN 1s
ramped, the LM317A will create a 1.25 VDC signal between
the OUT and ADJ pins of the LM317A. Resistor 1007 (R7)
works through Ohms Law to create a constant current
through the OUT pin and into the pseudo-ground created
because capacitor 1008 (C3) 1s an empty capacitor. The
trade-ofl 1s that during the charging of capacitor 1008 (C3)
a large wattage 1s temporarily dissipated in the LM317A.

FIG. 11 provides a plot 1100 of the ramp period and the
power dissipated by the power supply 134 of the OMC 100.
More specifically, FIG. 11 illustrates an in-rush power
dissipation spike 1102 of the LM317A of FIG. 10 and
depicts peak power dissipation over 12 Watts. In a small
outline transistor SOT-223 package, this would mean that
the die temperature would raise about 10° C. above ambient
during this mterval. With an 85° C. maximum OMC opera-
tional ambient temperature, this would place the device well
below the 125° C. junction maximum where the LM317A
would enter thermal shutdown. Note that diode 1010 (D5) in
FIG. 10 1s to prevent the destruction of capacitor 1008 (C3)
and the LM317A during an input short circuit. The capacitor
1008 (C3) may be a tantalum capacitor and 1t should have 1ts
voltage ramped slowly up and down to prevent thermal
failure. If the mput power pins were to be shorted together,
the LM317A would discharge capacitor 1008 (C3) imme-
diately through the low impedance path 1n the ADJ pin. This
would destroy the LM317A and likely cause thermal dam-
age to capacitor 1008 (C3.) The blocking diode 1010 (D5)
prevents this and allows capacitor 1008 (C3) to ramp down
slowly 1nto the OMC load.

FIG. 12 illustrates the main switching regulators 1200 of
the power supply 134, mncluding a pair of buck regulators
1202 and 1204. Two switching regulators derive the 5 VDC
and -5 VDC that supply power to the majority of circuits 1n
the OMC 100. They are supplied by the 30 VDC common-
mode 1mput from the stub interface less the voltage loss
incurred by an LM317A current limiting circuit. This loss
can be as high as 3 VDC, which provides a nominal 27 VDC
to the switching regulators during startup. The switching
regulators of FIG. 12 operate at 300 kHz and each employ
an LT3686A mtegrated circuit (IC), 1206 and 1208, respec-
tively, where the L'13686A 1s a product of Linear Technol-
ogy Corporation. The 300 kHz fundamental, and its third
harmonic, are below the operational frequency range of the
analog circuits 1n the OMC 100. The LT3686A ICs have a
built-in soft-start that engages once the undervoltage lockout
1s released. The undervoltage lockout disengages at 24 VDC
in order to provide a margin beneath the worst-case 27 VDC
input to the regulators. Both regulators are constructed as
buck regulators with the -5 VDC being an mverting buck
configuration. Various other devices are connected as to the

regulator 1206 as shown including: resistors 1206 (169 k
ohm), 1208 (10 kohm), 1210 (52.5 k ohm); 1212 (10 k ohm)

and 1214 (280 k ohm); capacitors 1216 (3 n), 1218 (0.27
uk), 1220 (68 uF); inductor 1222 (47 uH); and a diode 1224
(with the listed device values merely being exemplary.)
Various other devices are connected as to the regulator 1208
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as shown including: resistors 1226 (169 k ohm), 1228 (10 k
ohm), 1230 (10 k ohm), 1232 (52.5 k ohm) and 1234 (280
k ohm); capacitors 1236 (3 n), 1238 (0.22 uF), 1240 (68 uk);
inductor 1242 (47 uH); and a diode 1234 (with the listed
device values again merely being exemplary.)

Insofar as the digital logic voltage sources are concerned,
the 5 VDC supply generates several smaller voltages for use
in the digital logic section 104 of the OMC design. In one
example, these consist of a 3.3 VDC signal for an IGLOO™
nano low power FPGA’s I/O bank voltage and a 1.5 VDC
core voltage for the same FPGA. (Note that IGLOO 1s a
trademark of Microsemi Corporation.) In the exemplary
system, there 1s one other voltage generated and that 1s an 18
VDC bias for the photodiode. This voltage 1s generated
directly from the 30 VDC mput voltage from the stub
interface as this requires at most 1 pA of current. Each of
these three voltages may be generated using a LDO.

The Dagital CCA FPGA

FIGS. 13-14 illustrate various aspects of the digital CCA
FPGA 104 of the OMC 100. Beginning with FIG. 13, a
schematic diagram 1s provided that illustrates the logic
connectivity of the FPGA 104. A clock conditioning circuit
(CCC) 1302 takes an arbitrary mput clock from 0.7 MHz to
250 MHz and outputs 64 MHz. The source clock 1s a CMOS
oscillator with a 4001 1s worst-case start up time. There are
two outputs to this unit. The first 1303 1s the 64 MHz derived
clock used for the remainder of the FPGA circuitry. The
second 13035 1s a lock bit that must set, along with the
external reset, in order release the FPGA circuitry to run.
The CCC unit start-up 1s itself no longer than 300 us. Note
that the FPGA can instead be driven directly from an
external 64 MHz clock source.

FIG. 13 also illustrates a deskew element 1304. A side
ellect of the analog circuitry 1n the OMC 1s an amplitude
dependent modulation of received Manchester bitwidths.
The downstream SIM can only tolerate an 8.8% variation 1n
the doublet-to-doublet timing. The deskew logic section 1s
configured to detect the synchronization pattern within word
messages 1 a bit-stream and aligns the FPGA time-base to
the synchronization pattern. The bits are then sampled with
a 100 nanosecond (ns) delay and replicated using the local
64 MHz time-base. This removes the modulated bitwidths
and provides a Manchester bit-stream to the SIM where each
bit 1s 250 ns wide. An important aspect of the deskew
clement 1304 1s 1ts implicit handling of a LED reset event.
The SIM device should always transmit an even number of
doublets as digital bits are defined by having two edges. The
very last doublet in a message string 1s truncated by the SIM
transmitter and so every message sent by a SIM will have an
odd doublet count. The SIM monitors the transmitted and
received doublet counts and will quickly shutdown 1f the
OMC 100 does not replicate the odd-count doublet wrap
behavior. Note that the OMC 100 does not require an even
number of doublets to function, but for thermal reasons the
LED cannot be allowed to be stuck-on at high temperatures.
This stuck-on behavior would occur 1f an odd doublet count
were allowed. The deskew element 1304 has a time-out that
resets the unit 1f 1t detects bus-quiet for 1078 ns. The reset
state filters out any high to low transitions on the bus. This
means that the FPGA can reset the LED after a 1078 ns time
window has elapsed and the FPGA will receive the resulting,
high to low transition, however, the FPGA will not then send
a doublet to the SIM. This implicit filtering preserves the
SIM’s doublet count while allowing the LED to survive high
temperature environments. FIG. 13 also shows a doublet
generator 1306. A pair of 120 ns wide doublets are generated
in this unit each time an edge arrives from the deskew
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clement 1304. The widths are generated using the local 64
MHz clock source. These then drive the external buller of
FIG. 8 (discussed above.)

FIG. 13 also 1llustrates a doublet-to-Manchester-generator
1308 for generating Manchester signals from doublet signals
and an LED {fault 1solation unit 1310, discussed below. An
AND gate 1312 1s connected between the CCC 1303 and the
deskew element 1304 (and also receives a reset signal 1314.)
Other input lines shown 1 FIG. 13 include: clock mput

1316, DATA IN 1318, DOUBLET IN A 1320, DOUBLET
IN B 1322 and LED STATE 1324. Output lines include:
DATAOUTA 1326, DATAOUT B 1328, LED DRIVE 1330
and AN CCA POWER 1332.

FIG. 14 1illustrates the doublet generator 1306. Doublets
can be converted directly to Manchester using toggle flip-
flops 1402 and 1404. An important aspect of the doublet
generator 1s the availability of a reset capability provide by
a finite state machine 1406 to prevent a stuck-on condition.
The output of the doublet generator 1306 via multiplexer
1408 drives the OMC LED and if left on perpetually the
LED device could be damaged, especially at high ambient
operating conditions. The doublet-to-Manchester unit reset
mechanism of device 1406 1s a timer that expires after 1094
ns, which 1s longer than the longest possible valid ARINC-
629 static Manchester level. The longest high level event
occurs during the first sync pattern in a message where the
sync bit can be 750 ns, followed by a 250 ns Manchester bit
at the same level. Additionally, note that the doublet-to-
Manchester generator has two inputs DOUBLET A 1403
and DOUBLET B 1405. Either can drnive the LED and are
present because the SIM can potentially send doublets in
two polarities. Two toggle tlip-tlops, 1402 and 1404, run ofl
separate 1puts. Fach imput 1s derived from a rectified
doublet lobe. The state machine 1406 also manages which
tlip-flop 1s multiplexed to the output based on which 1nput 1s
driven first. The multiplexing setting 1s maintained until a
bus-quiet time out of 1094 ns. The bus-quiet time out also
resets the flip-flops if either 1s left stuck-on by an odd
number of doublets arriving. The time out 1094 ns value was
chosen to interleave with the deskew element 1304 unit time
out value of 1074 ns. The multiplexer 1408 provides the
output along MANCHESTER OUT line 1410.

Insofar as LED fault 1solation of FIG. 13 1s concerned,
during pulsed operation the LED does not consume a large
amount of power. However, if the LED were to become
stuck-on, due to a failure of the LED 1itself or the field eftect
transistor (FET) that drives it, an appreciably large DC
current could be drawn from the 5 VDC supply. This current
would not be detected by the SIM over-current protection as
it would not be large enough when retlected back to the 30
VDC supply. The LED fault 1solation unit 1310 detects the
voltage level at the transistor switch that controls the LED.
I 1t 1s stuck-on for greater than 1984 ns, the unit will cut the
5 VDC power to the analog CCA using discrete FETs on the
digital CCA 104. The error condition 1s perpetual until the
power supply 1s cycled. Cutting the 5 VDC power protects
components from being thermally damaged.

The Analog CCA Components

FIGS. 15-16 illustrate various aspects of the analog CCA
106 of the OMC 100. Beginning with FIG. 15, a schematic
diagram 1s provided that illustrates a transmit circuit 1500 of
the analog CCA 106. Note that the transmit circuitry 1s
controlled by the FPGA of the digital CCA 104 via a drive
signal along lime 1501. The analog CCA 106 may be
designed as a bufler 1C that 1s attached to the digital FPGA
to compensate for the low FPGA drive strength so that the
OMC can drive 1ts output LED. Typically, there are two
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ways to pass digital bits through an optical element, such as
an LED. The first method, which 1s employed by the
transmit circuit 1500 of FIG. 15, 1s to drive the LED with a
MOSFET switch 1504, which 1s drniven completely from
cutodl to saturation. In the example of FIG. 15, an amp 1502
receives the drive signal from the digital FPGA and feeds it
to MOSFET 1504, which 1s connected via a resistor 1506 to
an LED 1508. This 1s the slowest mode of operation for a
MOSFET as 1t must traverse several modes of operation and
completely charge and discharge the Miller capacitance at 1ts
input. For power MOSFETs capable of handling dozens to
hundreds of milliamps this puts the practical digital switch-
ing speed limit to about 5 Mbit/s. This means that this
method 1s applicable to the 2 Mbit/s Manchester bit stream
utilized by busses such as ARINC 629 compatible busses.

Current-mode LED switching 1s another possible LED
drive method that can achieve gigahertz switching speeds
where switching speeds are limited by the LED itself. With
current-mode switching, the LED 1s never completely turned
ofl and 1dles with a low amount of light always transmitting.
There has some 1mpact on thermal performance using cur-
rent-mode switching and 1t would require the use of a
dedicated complex IC to control the current levels during
switching. The AC-coupled mput of OMC 100 1s not
impacted by the DC light offset emitted by 1dling current-
mode transmitters. For the OMC 100, the simpler voltage
control method of FIG. 15 1s used as 1t requires only the
LED, a resistor and a power MOSFET. The MOSFET 1504
1s selected to have low on resistance and a low voltage
threshold such that the device 1s strongly driven over all
operating temperatures and conditions. Additionally, the
total gate charge of the MOFSET 1504 1s less than 1
nanoCoulombs (nC) so that 1t can be driven sufliciently
rapidly for the target bit-rate. The LED element 1508 has
logarithmic increases in light output with additional drive
current. This means the upper limit of light output 1s largely
specified by the particular LED design. However, this also
means that this method of open-loop LED drive control has
nearly constant light output in the presence of part aging and
temperature. Output levels of 5 mW-average are achievable
at the transmit duty-cycle of ARINC-629 over the opera-
tional temperature range of —40° C. to 85° C.

FIG. 16 1s a schematic diagram 1illustrating a receiver
circuit 1600 of the analog CCA 106 of the OMC 100. The
receiver circuit 1600 has five main sections: a photodiode
with bias section 1602, a TTA section 1604, an edge-coupled
amplifier section 1606, a comparator circuit 1608, and a
common-mode rejection circuit (not shown in FIG. 16.)
Referring first to the photodiode section 1602, a photodiode
1612 (D1) 1s a PIN photodiode, which 1s reversed biased to
18 VDC 1n order to drive down its junction capacitance.
During start up, a capacitor 1614 (C3) 1s charged through a
resistor 1616 (R5) and each time a pulse hits the photodiode,
the capacitor 1614 (C3) 1s slightly discharged and a capaci-
tor 1618 (C7) 1s slightly charged. This shunting of current 1s
equivalent to the photodiode 1612 (D1) lowering its resis-
tance and shifting more of the bias voltage across the resistor
1616 (R5) and a resistor 1620 (R16). The supplied bias of
+18 VDC allows the photodiode to maintain at least 10 VDC
across 1tsell with photocurrents present in the micro-amp
range.

The capacitors 1614 (C3) and 1618 (C7) are AC coupling
capacitors and are hundreds of times larger than the capaci-
tance of the photodiode 1612 (D1.) The D1 capacitance
domuinates, since the three capacitances are 1n series and D1
1s the smallest. In other words, the values of the capacitors

1614 (C3) and 1618 (C7) have almost no impact on circuit
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behavior and are provided to remove the DC bias from the
input signal. These capacitors also create a low-impedance
path for the photocurrent as they connect directly into the

virtual grounds of two operational amplifiers (OP-AMPs)
1622 (U1l) and 1624 (U6.) Hence, DC signals (which are the

bias) go through resistors 1616 (RS) and 1620 (R16) but the
AC signal (which 1s the signal of interest) goes through 1614
(C3) and 1618 (C7), thereby providing for a phase-splitting
AC coupled input. Overall, this means that the bias circuitry
1s decoupled from the AC signal path. Note also that the
phase of the signal traversing the capacitors 1614 (C3) and
1618 (C7) are 180° out of phase, hence constituting a
phase-splitting circuit.

The pull-up and pull-down resistors 1616 (R5) and 1620
(R16), which apply an 18V hias, are set to large values for
three reasons. First, they aid in decoupling the signal from
the bias. Secondly, they are part of a filter on the power
supply that rejects any rnipple that might make it to the
sensitive input stage. Third, resistors generate their own
clectronic noise and larger resistors generate less current
noise. Note that, conventionally, the output of a photodiode
would be directly connected into an amp with the anode or
cathode connected directly to a voltage supply. However, 1n
such a circuit, noise mduced on the voltage supply could get
back into the photodiode and so a DC coupled circuit would
likely be used instead of an edge-coupled circuait.

Turning now to the TIA section 1604, amps 1622 (Ul)
and 1624 (US) are TIAs, which were discussed generally
above. The TIAs 1622 (Ul) and 1624 (US) each create an
amplified representation of the photocurrent signal that is
180° out of phase with the other. They also have a large
value resistor 1626 (R17) tying their positive reference pins
together and then to ground. This provides common-mode
rejection for both mputs and forces both amplifiers to
experience the same common-mode input signal. That 1s, the
resistor 1626 (R17) serves to reduce (or kill) the common
mode bandwidth to little or nothing and hence reduces or
climinates any parasitic amplification, Also, any noise from
the grounding structure 1s canceled out later 1n the circuit
because 1t will be common to a pair of differential amps.

More specifically, the signal and the common noise go
through capacitors 1626 (C4) and 1628 (CS5) and into a

differential amp 1630 (U4) of the edge-coupled filter 1606,
which takes the difference and reduces the common more
significantly.

Thus, the edge-coupled filter/amplifier section 1606
includes amp 1630 (Ud4), capacitors 1626 (C4) and 1628
(C5) and various resistors (connected as shown) to provide
an edge-coupled filter in a differential configuration. (See the
discussion of edge-coupled filters above with respect to FIG.
5.) The amp 1630 (U4) takes the two amplified signals from
the TIAs 1622 (Ul) and 1624 (US) and creates a single-
ended output. This stage rejects common-mode signal that
was coupled and amplified by the primary transimpedance
stage. Note that capacitors 1626 (C4) and 1638 (C5) repre-
sent filtration capacitors. The amp 1639 (U4) 1s configured
to charge the filtration capacitors within one bit of an input
signal. Note that with conventional AC coupling, the circuit
averages the amplitudes of an incoming signal before decod-
ing. For the primary intended application of this circuit (1.e.
processing signals 1 accordance with ARINC 629), no
preamble 1s used. The edge-coupled filter circuit of FIG. 16
instead serves to resolves a settling time of each bit so there
1s no need for preamble. This 1s achieved, at least 1n part, by
charging up the various filtration capacitors of the circuit
within a bit of each bit of an mput Manchester-encoded
signal.
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The comparator circuit 1608 includes an comparator latch
1632 (U2) configured as an IC with a level-shifted output.
Hence, a latch 1s employed rather than a straight comparator.
The output of the comparator latch 1632 (U2) 1s not con-
sistent across temperature and drops below the 5 VDC rail.
This vaniation 1s removed by bullering the comparator
output with device 1634 (U3.) Resistors 1636 (R4) and 1638
(R10) provide a window of hysteresis for the comparator
input signal. Since the mput signal 1s centered at zero volts,
this means that the comparator has two thresholds. One of
these thresholds could not be negative though because of
the comparator’s level-shifted output. This 1s handled by
having resistor 1638 (R10) biased by a reference generator
1610 that allows for the comparator reference signal to
swing negatively. Overall, these components turn the com-
parator latch 1632 (U2) into a Schmitt trigger, which allows
the circuit to trigger on the bipolar input signal generated
from the previous amplifier stage. It also means that the
trigger holds state when the input signal recedes towards
zero volts. This 1s important as the edge-coupled mnput will
not hold 1ts value after the trigger event occurs. (See FIG. 6,
discussed above.)

Still further, note that the output of latch 1632 (U2) 1s fed
back mto Pin 2 wvia resistor 1636 (R4.) Accordingly, a
dynamic threshold 1s provided whereby Pin 2 swings
between —40 and +40 mV. That 1s, as device 1634 (U3)
switches between 0 and 3 volts, latch 1632 (U2) switches
between -40 and 40 mV and so the comparator 1608
essentially anticipates what the next bit should be. When at
—-40 mV, the compactor 1608 will not switch again unless the
input goes further negative (1.e. lower than —40 mV.) Con-
versely, when the comparator 1608 1s at 40 mV, 1t will not
toggle again unless 1t goes above 40 mV. Recalling that the
signal waveform (shown in FIG. 6) settles toward zero
slowly, the custom Schmutt trigger of latch 1632 (U2) serves
to hold the last state until the next bit comes through.
Otherwise, there would likely be more bandwidth and more
noise.

Insofar as common-more rejection 1s concerned, the
devices 1632 (U2) and 1634 (U3) form the basis of the
circuitry that recovers the digital bit-stream from the filtered
analog signal but have one potential weakness. Often, com-
parators are used to digitize signals but there cannot be any
teedback between the output and input. The reason 1s that,
since the output of a comparator 1s digital, 1t will be
connected to other digital devices and create a high-fre-
quency current loop that could couple noise from the digital
circuits 1nto the analog processing section 106. Traditionally,
comparators avoid excessive digital noise coupling by hav-
ing resistors in-line with the power supply to the analog
section. That 1s, the analog section 1s allowed to have
significant impedance 1n 1ts return path. This decouples the
analog section from the digital noise but also means that the
inputs to the comparator will see common-mode bounce.
Provided the bounce 1s not excessive, the comparator can
tolerate the equal bounce to both 1ts inputs and reject 1t as it
works on the diflerence between the input signals. This
typically does not work, however, if there 1s a feedback path
in the comparator circuit because the output, which is
resistively 1solated from the mput, would be required to
drive high-speed currents back into the mput side. The OMC
does utilize feedback and so the comparator circuit should
reside entirely 1n the analog circuit section.

Other components shown 1 FIG. 16 include: resistor

1640 (R1), capacitor 1642 (CD, resistor 1644 (R2), capaci-
tor 1646 (C6), resistor 1648 (R11), resistor 1650 (R13),
resistor 1652 (R1S5), resistor 1654 (R14), capacitor 1656
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(C8), amp 1658 (US), resistor 1660 (R12), resistor 1662
(R3), capacitor 1664 (C2), resistor 1666 (R6), resistor 1668
(R8), resistor 1670 (RY), connected as shown. Exemplary

values for devices shown in the figure are: resistor 1640
(R1)—100 k ohms, resistor 1616 (R5)—1M ohms, resistor

1620 (R16)—1M ohms, capacitor 1664 (C2)—500 pF,
capacitor 1614 (C3)—500 pF, resistor 1626 (R17)—1 k
ohms, capacitor 1618 (C7)—500 pi, capacitor 1642 (C1)—
0.1 pF, resistor 1644 (R2)—1M ohms, capacitor 1646
(C6)—0.1 pF, R11—1M ohms, 1626 (C4)—100 pF, 1638
(C5)—100 pF, resistor 1650 (R13)—6.19 k ohms, resistor
1652 (R15)—69.9 ohms, resistor 1662 (R3)—1 k ohms,
capacitor 1656 (C8)—0.1 uF, resistor 1654 (R14)—10 k
ohms, resistor 1660 (R12)—10 k ohms, resistors 1636
(R4)—69.9 k ohms, resistor 1638 (R10)—1 k ohms, resistor
1666 (R6)—1 k ohms, resistor 1668 (R8)—1 k ohms, and
resistor 1670 (R9)—1 k ohms.

FIG. 17 illustrates an 1solation circuit 1700 for use in
analog common-mode rejection. Analog isolation 1n the
OMC 100 1s provided by placing small coils 1702 and 1704
in-line with the power supply lines 1706 and 1708, instead
of resistors. This allows for high levels of noise filtering
from the digital side while providing a lower voltage drop 1n
the power supply than would be achieved with resistors. The
receive signal 1s coupled from the analog section into the
digital section using an optocoupler device 1710. More

specifically, an output of the latch 1632 of the recerver 1600
of FIG. 16 1s received as mput 1712 by the circuit of FIG.

17. The input 1712 1s fed into an amp 1714, which also
receives VREF via a resistor 1716. A feedback resistor 1718
1s also employed. The output of amp 1714 1s fed into the
optocoupler 1710. Note that the 1solation achieved using the
inline coils 1702 and 1704 1s not galvanic, but 1t significantly
rejects common-mode noise. Note also that most TIAs use
resistive 1solation between digital and analog circuits rather
than mductive. Typically, with resistive 1solation, the com-
parator 1s floated between the two sections of the circuit
(digital vs. analog.) Inductive 1solation, however, allows for
better high frequency performance. When resistive 1solation
1s used, the resistance 1s the same at every frequency until
the frequencies became so high that the resistor essentially
becomes a capacitor mstead (typically around 5-10 gigahertz
for a quality resistor.) However, with inductive isolation,
much high impedances can be achieved, at least well above
300 kilohertz. Still further, note that in OMC 100, the analog
and digital sides of the circuit are not completely 1solated as
would be the case with conventional opto-isolators where
the power supplies (for the digital and analog circuits) are
completely 1solated. Moreover, note that with the OMC 100,
the digital signals cannot be simply looped back to the
digital and analog sides of the device at the same time. The
isolation circuit of OMC 100 allows for feeding back the
digital circuit of the digital side while also allowing the local
comparator to feedback.

Still turther, note also that 1t 1s possible for transmitters to
clash while setting up transmission slots on the optical data
bus 128. A clash occurs because of delay diflerences
between transmitters. Each transmitter 1s assigned a hold ol
betfore attempting to use the data bus aiter the bus goes quiet.
If the path length diflerence between two nodes 1s consid-
crable then one device may transmit and another may not
receive the data before it too tries to transmit. In particular,
the gaps between transmitters are 1 us. If the difference in
path lengths between two terminals 1s more than this value
then the terminals may clash. The terminal controllers wall
back ofl when they interpret the clash and attempt to
transmit at a diflerent time slot on the data bus. The
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fiber-optic data bus may not cause two terminals to notice a
clash. If one transmitter 1s much stronger than the other and
begins transmitting first then 1ts signal will dominate and be
received by other terminals. Otherwise, both terminal mes-
sages will be corrupted.

Insofar as performance metrics are concerned, the sensi-
tivity of the OMC 100 was discussed and defined above. In
context, the sensitivity refers to the lowest average light
power that can be received by the circuitry and still result in
an acceptable BER. Theoretical limits to sensitivity for the
OMC 100 can be calculated by plugging the following
values 1nto the equivalent input referred current noise figure
discussed above 1in connection with TIA noise. An additional
tactor 1s added here to simplify the conversion 1nto optical
wattage 1n dBm at a 10E-9 BER. Sensitivity 1s measured
here as dBm-average, as it 1s arrived at based on the RMS
power of the noise signal.

1,=1.3 fA/Hz?

E _—4.8 nV/HzY*
F=5.5 MHz

C ~7.5 pF

R~1 MQ
1,.~0.712 pA/Hz"*

Prer 10£.9=10 log (61, F"/0.44 1E-3)=-46 9
dBm-average

In a receiver circuit, dynamic range refers to the input
signal range that allows for a successtul recovery of a signal.
At the low end 1t 1s bounded by the receiver sensitivity. At
the high end it 1s bounded by the saturation of the amplifiers
due to supply voltage limits. The low end of the OMC design
triggers at £35 mVpp. This corresponds to an input light
level of 159 nW-peak. The amplifiers saturate at an 1nput
current of 7.5 uA. This corresponds to an mput light level of
1’7 uW-peak. The range between the high and low end 1s then
20.3 dB. An important consideration for AC-coupled circuits
1s the settling-time, which can cause interference between
different mnput signals from different transmitters. If one
transmitter 1s low amplitude and follows a large amplitude
transmitter closely then residual energy in the receiver
coupling can prevent data recovery. As the spacing between
messages increases the mterference effect diminishes loga-
rithmically towards zero. The de-rated metric for the eflec-
tive dynamic range that the system can utilize for a given
message spacing 1s called the inter-message dynamic range.
As a point of reference the inter-message spacing required to
achieve the full dynamic range of the OMC recerver circuit
1s 1.1 us.

The Optical Interface

FIGS. 18-19 illustrate the TOSA 124 and the ROSA 126
of the OMC 100. The OMC TOSA and ROSA consist of two
lens tubes that hold spacer rings as well as focusing lenses
as depicted in the figures. Additionally, the transmit LED
and receive photodiode are housed 1nside the lens tubes. The
plastic fiber-optic cable 1s terminated at the cable side
connector. The TOSA and ROSA each respectively have a
ferrule attached that contains a PCS lightpipe that is
mounted mto a MIL-T-29504 style termination. The 29504
termination abuts the plastic fiber-optic cable against the
PCS lightpipe to couple light into and out of the OMC.
Hence, an intermediate hard silica fiber 1s used to provide
fiber-to-fiber termination. In other words, the device 1s
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pre-aligned and pre-terminated without any significant pig-
tail, 1.e. the device 1s connectorized.

Referring first to the exemplary TOSA 1800 of FIG. 18,
the primary components include a connector receptacle
msert (as may be provided by Deutsch™) 1802, a plastic
clad silica (PCS) lightpipe 1804, machined housing compo-
nents 1806, a bi-convex aspheric lens 1808 (mounted
between a pair of retention sleeves 1807 and 1809), an
O-ring 1810, a red LED 1812 and an insulating spacer 1814,
connected as shown 1n the figure. Note that there are two
major categories of transmitter devices, surface-emitting,
diodes and edge-emitting diodes. Surface-emitting LEDs
have wide beam patterns and tend to be physically larger
devices. With the large size come limitations in switching
speed. The large beam pattern for surface-emitters means
that external lenses are required to couple efliciently into
fiber-optic cables. These devices have good performance
thermally and lose about 1 dB of optical power between 27°
C. and 85° C. Surface-emitting diodes also more fully fill a
fiber on entry giving a more consistent exit beam pattern at
various liber lengths. Edge-emitting LEDs can be con-
structed to have narrower beam patterns and couple more
casily ito fiber-optic cables. They are physically smaller
devices than surface-emitting diodes and thus cannot gen-
erate as much light due to thermal considerations. They are
not as eflicient electrically at converting current 1nto optical
power. Edge-emitters operate at higher frequencies and are
more susceptible to variations 1n temperature with a loss of
output drive of 2 dB to 3 dB from 27° C. to 85° C. A
surface-emitting 650 nm LED was selected because of the
low speed operation required of the OMC and the high
optical power budget.

FIG. 19 illustrates the ROSA 1800. The primary compo-
nents are similar to those of the TOSA and include a
connector receptacle imsert 1902, a PCS lightpipe 1904,
machined housing components 1906, a pair of bi-convex
aspheric lens 1908 and 1913 (mounted among three reten-
tion sleeves 1907, 1915 and 1909), an O-ring 1910, a silicon
PIN LED 1912 and an insulating spacer 1914, connected as
shown 1n the figure. The receiver part selection 1s typically
between PIN photodiodes and avalanche photodiodes. PIN
photodiodes are PN-junction diodes constructed with a large
depletion region. A small reverse bias can increase the
depletion width and reduce the device’s capacitance. It
generates hole/electron pairs when photons impact the
depletion region and the pairs cause current to flow 1n
attached circuits. The etliciency of a PIN photodiode 1is
between 0.4 Amps/Watt to 0.6 Amps/Watt. They are excep-
tionally linear down to single pico-amps of photocurrent.
Reverse bias voltages vary from 5 VDC to 30 VDC. Ava-
lanche photodiodes use a photomultiplication effect caused
by a large reverse bias placing the photodiode 1n avalanche
mode. Each time a photon impacts the diode hole/electron
pairs are generated but they in turn excite other hole/electron
pairs. This cascading effect can occur hundreds or thousands
of times which creates very large gains 1n terms of Amps/
Watt of incident photopower. A trade-ofl 1s that avalanche
diodes require hundreds or thousands of volts of reverse bias
in order to function. Additionally, the gain varies consider-
ably with temperature and they create an additional noise
term that depends on the inconsistent gain. A PIN photo-
diode 1912 was selected for the OMC owing to its simple
low-voltage operation and 1ts linearity and consistency over
temperature.

Insofar as optical coupling 1s concerned, the transmit LED
of the TOSA contains two internal lenses that generate an
output beam pattern that 1s roughly collimated with an 8°
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half-beam angle. The beam 1s too wide to couple directly
into a 1 mm plastic fiber-optic cable. An additional lens has
been added after the LED to bend the beam back 1n towards

the fiber. Theoretical maximum coupling for LEDs into

plastic fiber-optic cables 1s about 70%. On the other end of 5

the fiber 1s the receive PIN photodiode. The light emitting
from the fiber end will have a 30° half beam angle. This
would require a large detector to capture the light and so two
lenses are used to first collimate and then focus the light onto
a smaller detector. Detection efliciency can approach 100%.
Exemplary System Interconnected with Star Coupler

FI1G. 20 illustrates an aircraft data network 2000 having a
set of N OCMs 2002, .., each connected, on an electrical
side, to an LRU 2004,  , havinga SIM 2006, ,,viaan
clectrical (SIM) data bus 2008, .., and connected, on the
optical side, to a star coupler 2009 via a corresponding optic
fiber 2010, . Components within each of the LRUs may
communicated with any of the other LRUs via time division
multiplexing of signals over an optical data bus 2012
composed of the various optical fibers and the star coupler.
The individual LRUs may correspond, for example, to
components of a primary flight computer (PFC) or various
actuator control electronics (ACE) units.

Summary of Exemplary Apparatus, Devices and Methods

One or more of the components, steps, features, and/or
tfunctions illustrated 1n the figures may be rearranged and/or
combined 1nto a single component, step, feature or function
or embodied 1n several components, steps, or functions.
Additional elements, components, steps, and/or functions
may also be added without departing from the disclosure.
The apparatus, devices, and/or components 1llustrated 1n the
Figures may be configured to perform one or more of the
methods, features, or steps described in the Figures.

FIG. 21 broadly illustrates an OMC 2100 for coupling an
clectrical signal line 2102 (which may form part of an
clectrical signal bus system of an aircrait data network) and
an optic fiber 2104 (which may form part of an optical signal
bus system of the aircraft data network.) The OMC 2100
includes an electrical port 2106 adapted to couple to the
clectrical signal line 2102 and a fiber optic port 2108 adapted
to couple to the optic fiber 2104. An electro-optical con-
verter 2110 1s configured to convert between electrical
doublet signals for transmission on the electrical signal line
and optical Manchester signals for transmission on the optic
fiber and includes at least one edge-coupled filter. As noted
above, the term electro-optical converter as used herein
broadly refers to a device capable of converting electrical
signals to optical signals, optical signals to electrical signals,
or both. Hence, the term 1s not meant to imply that the device
only converts from electrical to optical. For example, the
clectro-optical converter 2110 may convert electrical dou-
blet signals to optical Manchester signals and also convert
optical Manchester signals to electrical doublet signals.
Typically, the edge-coupled filter 1s employed in the con-
version of optical Manchester signals to electrical doublet
signals.

FIG. 22 further illustrates components of an exemplary
OMC 2200, which 1s coupled between an electrical data bus
2202 for transmitting electrical doublet signals and an
optical data bus 2204 for transmitting optical Manchester
signals. Components of the exemplary OMC 2200 include
an electrical port 2206 for coupling to the electrical data bus
2202, a fiber optic port 2208 for coupling to the optical data
bus 2204, and an electro-optical converter 2210 for convert-
ing between electrical doublet signals for transmission on
the electrical signal line and optical Manchester signals for
transmission on the optic fiber. Components are provided
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within the electro-optical converter 2210 that convert elec-
trical doublet signals to optical Manchester signals and other
components are provided that convert optical Manchester
signals to electrical doublet signals. For generality and
clarity, components of the electro-optical converter 2210 are
shown as separate units. It should be understood, however,
that there may be overlap among components (e.g. a single
circuit might implement multiple functions) and some com-
ponents may be sub-units or sub-systems of other compo-
nents. Exemplary implementations are described above with
reference to FIGS. 1-20.

Briefly, the electro-optical converter 2210 of FIG. 22
includes a doublet-to-Manchester converter 2212 configured
to convert electrical doublet signals to optical Manchester
signals and a Manchester-to-doublet converter 2214 config-
ured to convert to optical Manchester signals to electrical
doublet signals. A receiver 2216 with an edge-coupled filter
1s provided that, mn at least some examples, includes a
filtration capacitor, a feedback resistor, and an amplifier
configured to charge the filtration capacitor within one bit of
a Manchester-encoded input signal. Phase splitting compo-
nents 2218 are provided that, in at least some example,
includes transimpedance amplifiers operative to generate
amplified representations of a Manchester-encoded 1nput
signal wherein the representations are 180° out of phase with
the one another for phase splitting. Common mode rejection
components 2220 are provided. A power supply with an
inductive power filter 2222 may be provided to, e.g., 1solate
a power loop of an analog portion of the OMC from a digital
portion of the OMC. An optocoupler 2224 1s provided to
couple analog signals from the analog portion of the OMC
to digital signals for use 1n the digital portion of the OMC.
The inductive power filter 2222 may include inductive
1solation component comprising coils connected in-line with
analog circuit power supply lines associated with the opto-
coupler (as discussed above.) A deskewing element 2226 1s
provided to deskew edge-couple filtered versions of Man-
chester-encoded input signals to obtain deskewed signals
from which bits are obtained for conversion to doublets.

As such, an optical media converter 1s described herein
that includes: means for receiving optical Manchester sig-
nals from an optic fiber; means for edge-couple filtering the
optical Manchester signals; means for converting the edge-
couple filtered Manchester signals to electrical doublet sig-
nals for transmission on an electrical signal line; means for
receiving electrical doublet signals from an electrical signal
line and means for converting the electrical doublet signals
to optical Manchester signals for transmission on the optic
fiber.

FIG. 23 summarizes a method for optical media conver-
sion that may be performed by the OMC systems of FIGS.
1-22 or other suitably equipped devices. Brietly, at step
2302, the system receives optical Manchester signals from
an optic fiber, edge-couple filters the optical Manchester
signals, and converts the edge-couple filtered Manchester
signals to electrical doublet signals for transmission on an
clectrical signal line. Additionally, alternatively, or concur-
rently, the system, at step 2304, receives electrical doublet
signals from an electrical signal line and converts the
clectrical doublet signals to optical Manchester signals for
transmission on the optic fiber.

FIG. 24 summaries an exemplary method 2400 for con-
verting optical Manchester signals to electrical doublet
signals using a suitably-equipped OMC. At step 2402, the
OMC recerves optical Manchester signals from an optic
fiber via a ROSA using a recerver circuit having transim-
pedance amplifiers operative to generate amplified repre-
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sentations of a Manchester-encoded mput signal, wherein
the representations are 180° out of phase with the one
another for phase splitting and wherein a resistor connects
positive reference pins of the transimpedance amplifiers to
ground with suflicient resistance to substantially eliminate
parasitic amplification and provide substantially complete
common mode rejection. At step 2404, the OMC routes the
Manchester-encoded mput signal through an edge-coupled
filter having an amplifier configured to charge a filtration
capacitor of an 1nput stage of the recerver circuit within one
bit of a Manchester-encoded input signal to resolve a settling,
time ol each bit so that no preamble 1s needed. At step 2406,

the OMC router the edge-couple filtered signals through a
through a Schmitt-trigger comparator latch to hold a state of
the signals until a next edge-triggered signal 1s processed. At
step 2408, the OMC routes an output signal of the Schmutt-
trigger comparator latch through an optocoupler to couple
analog signals from an analog portion of the OMC to digital
signals for use 1n a digital portion of the OMC wherein an
inductive power filter 1s employed including an inductive
isolation component having coils connected in-line with
analog circuit power supply lines to allow significant noise
filtering. At step 2410, the OMC routes the digital signals
through a deskewing element to deskew edge-couple filtered
versions of the Manchester-encoded input signals to obtain
deskewed signals and then to route the deskewed signals
through a doublet generator to convert the deskewed signals
into electrical doublet signals for output over an electrical
signal bus.

FIG. 25 summaries an exemplary method 2500 for con-
verting electrical doublet signals to optical Manchester
signals using a suitably-equipped OMC. At step 2502, the
OMC recerves electrical doublet signals from an electrical
SIM data bus using an electrical stub interface. At step 2504,
the OMC route the electrical doublet signals through a
doublet-to-Manchester generator to convert the digital bipo-
lar electrical doublet signals to digital unipolar Manchester-
encoded signals. At step 2506, the OMC routes the digital
Manchester-encoded signals through an optocoupler to gen-
crate analog versions of the Manchester-encoded signals and
wherein inductive power filtering 1s again employed. At step
2508, the OMC routes the analog versions of the unipolar
Manchester-encoded signals to a high output red LED {for
generating optical versions of the unipolar Manchester-
encoded signals. At step 2510, the OMC ftransmits the
optical versions of the unipolar Manchester-encoded signals
using a TOSA.

Note that the aspects of the present disclosure may be
described herein as a process that 1s depicted as a tlowchart,
a flow diagram, a structure diagram, or a block diagram.
Although a flowchart may describe the operations as a
sequential process, many of the operations can be performed
in parallel or concurrently. In addition, the order of the
operations may be re-arranged. A process 1s terminated when
its operations are completed. A process may correspond to a
method, a function, a procedure, a subroutine, a subprogram,
etc. When a process corresponds to a function, i1ts termina-
tion corresponds to a return of the function to the calling
function or the main function.

The various features of the disclosure described herein
can be implemented 1n different systems and devices without
departing from the disclosure. It should be noted that the
foregoing aspects of the disclosure are merely examples and
are not to be construed as limiting the disclosure. The
description of the aspects of the present disclosure is
intended to be illustrative, and not to limit the scope of the
claims. As such, the present teachings can be readily applied
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to other types ol apparatuses and many alternatives, modi-
fications, and vanations will be apparent to those skilled 1n
the art.

What 1s claimed 1s:

1. An optical media converter, comprising:

an electrical port adapted to couple to an electrical signal
line:

a fiber optic port adapted to couple to an optic fiber; and

an electro-optical converter configured to convert
between electrical doublet signals for transmission on
the electrical signal line and optical Manchester signals
for transmission on the optic fiber, the electro-optical
converter including at least one edge-coupled filter
configured to resolve a settling time.

2. The optical media converter of claim 1, wherein the

clectro-optical converter comprises:

a doublet-to-Manchester converter configured to convert
clectrical doublet signals to optical Manchester signals;
and

a Manchester-to-doublet converter configured to convert
to optical Manchester signals to electrical doublet sig-
nals.

3. The optical media converter of claim 1, further com-
prising a receiver circuit coupled to the fiber optic port, the
receiver circuit including the at least one edge-coupled filter.

4. The optical media converter of claim 3, wherein the at
least one edge-coupled filter of the receiver circuit 1s con-
figured to charge at least one filtration capacitor of an 1nput
stage of the recerver circuit within one bit of a Manchester-
encoded nput signal.

5. The optical media converter of claim 3, wherein the
receiver circuit includes first and second transimpedance
amplifiers operative to generate first and second amplified
representations of a Manchester-encoded 1nput signal
wherein the representations are 180° out of phase with the
one another for phase splitting.

6. The optical media converter of claim 5, wherein a
resistor connects positive reference pins of the first and
second transimpedance amplifiers to ground with suflicient
resistance to provide common mode rejection.

7. The optical media converter of claim 3, wherein the
receiver circuit includes a Schmitt trigger comparator latch
to hold a state of a Manchester-encoded input signal to
provide analog to digital burst mode conversion.

8. The optical media converter of claim 1, further com-
prising a power supply having an inductive power filter to
1solate a power loop of an analog portion of the optical
media converter from a digital portion of the optical media
converter.

9. The optical media converter of claim 8, further com-
prising an optocoupler to couple analog signals from the
analog portion to digital signals for use 1n the digital portion
and wherein the imductive power filter includes at least one
inductive 1solation component comprising coils connected
in-line with analog circuit power supply lines.

10. The optical media converter of claam 1, further
comprising:

a deskewing element operative to deskew edge-couple
filtered versions of Manchester-encoded 1nput signals
to obtain deskewed signals; and

a doublet generator operative to convert the deskewed
signals 1nto electrical doublet signals.

11. The optical media converter of claim 10, wherein the
deskewing element 1s operative to detect a synchronization
pattern within a word message i a Manchester-encoded
input signal bit-stream and align a time-base of a field-
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programmable gate array (FPGA) of the Manchester-to-
doublet converter to the synchronization pattern of the word
message.
12. The optical media converter of claim 10, wherein the
edge-coupled filter 1s characterized as filtering signals not
associated with edges within a time-varying input signal.
13. An optical media conversion method for use with an
optical media converter, comprising;
receiving optical Manchester signals from an optic fiber,
edge-couple filtering the optical Manchester signals to
resolve a settling time, and converting the edge-couple
filtered Manchester signals to electrical doublet signals
for transmission on an electrical signal bus; and

receiving electrical doublet signals from an electrical
signal bus signal bus and converting the electrical
doublet signals to optical Manchester signals for trans-
mission on an optic liber.

14. The optical media conversion method of claim 13,
wherein edge-couple filtering the optical Manchester signals
comprises routing input Manchester-encoded signals
through an edge-coupled filter of a receiver circuit wherein
the edge-coupled filter 1s adapted to charge a filtration
capacitor of an 1mput stage of the recerver circuit within one
bit of the mnput Manchester-encoded signals.

15. The optical media conversion method of claim 14,
turther comprising routing the filtered Manchester-encoded
signals through a Schmitt-trigger comparator latch to hold a
state of the signals until a next edge-triggered signal 1s
processed.

16. The optical media conversion method of claim 13,
turther comprising routing at least some of the mput Man-
chester-encoded signals through common-mode rejection
components.
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17. The optical media conversion method of claim 13,
further comprising routing at least some of the Manchester-
encoded signals through an inductive isolation circuit.

18. The optical media conversion method of claim 13,
wherein converting the edge-couple filtered optical Man-
chester signals to electrical doublet signals further com-
Prises:

routing edge-couple filtered Manchester-encoded signals

through a deskewing element to obtain deskewed sig-
nals; and

routing the deskewed signals through a doublet generator

to convert the deskewed signals 1nto electrical doublet
signals.

19. The optical media conversion method of claim 13,
wherein edge-coupled filtering 1s characterized as filtering
signals not associated with edges within a time-varying,
input signal.

20. An optical media converter, comprising:

means for receiving optical Manchester signals from an

optic fiber;

means for edge-couple filtering the optical Manchester

signals to resolve a settling time;

means for converting the edge-couple filtered Manchester

signals to electrical doublet signals for transmission on
an electrical signal line;

means for receiving electrical doublet signals from an

clectrical signal line; and

means for converting the electrical doublet signals to

optical Manchester signals for transmission on the optic

fiber.
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